Reversely transcribed RNAs coding for YnKn, YnSKn, SKn, and KS dehydrin types in droughtstressed white clover (Trifolium repens) were identified and characterized. The nucleotide analyses revealed the complex nature of dehydrin-coding sequences, often featured with alternative start and stop codons within the open reading frames, which could be a prerequisite for high variability among the transcripts originating from a single gene. For some dehydrin sequences the existence of natural antisense transcripts were predicted. The differential distribution of dehydrin homologues in roots and leaves from a single white clover stolon under normal and drought conditions was evaluated by semi quantitative RT-PCR and immunoblots with antibodies against the conserved K-, Y-and S-segments. Obtained data suggest that different dehydrin classes have distinct roles in drought stress response and vegetative development, demonstrating some specific characteristic features. Substantial levels of YSK-type proteins with different molecular weights were immunodetected in the non-stressed developing leaves. The acidic SK2 and KS dehydrin transcripts exhibited some developmental gradient in leaves. A strong increase of YK transcripts was documented in the fully expanded leaves and roots of drought stressed individuals. The immunodetected drought-induced signals imply that Y-and Ksegment containing dehydrins could be the major inducible Late Embryogenesis Abundant class 2 proteins (LEA 2) which accumulate predominantly under drought.
The experiments were performed with large leafed white clover variety "Apis" (origin 1 described in Boller et al., 2007) , characterized by lower tendency to form hydrocyanic acid. 2
The plants (Trifolium repens, cv. "Apis", Otto Hauenstein Seeds Ltd, Switzerland) were grown 3 in Klasmann-Deilmann Seedlingsubstrat™ soil (pH 6.5), under 200 PE m -2 s -1 light, at 23 °C -4 26 °C (night/ day) temperature and 14 h photoperiod. Optimal soil humidity (80% of the field 5 capacity) was maintained by gravimetrically controlled watering. Each pot contained four 6 seedlings. Drought stress was imposed on 14-day-old plants (with fully developed first and 7 expanding second leaf) by withholding irrigation for a period of fourteen days when the leaf 8 relative water content (RWC) in the stressed plants decreased to around 50% (Fig. 1 ). RWC 9 was calculated according to Barrs and Weatherley (1968 Recovery of the stressed plants was performed for three days by resuming daily 13 watering and maintaining the optimal soil humidity ( Fig. 1) . 14 All the analyses were made with frozen material derived from distinct leaves of the 15 main stolons of 6-12 clover plants (L1 -first developed leaf, L2 -second developed leaf, L3 -16 third developed leaf, L4 -fourth developed leaf, L5 -last developing leaf) and from roots. 17
18
RNA extraction and synthesis of cDNA 19 20 Total RNA was extracted from 100 mg plant material (leaves or roots) with RNeasy 21 Plant mini Kit (QIAGEN). RNA samples (400 ng) were reversely transcribed at 37 °C for 1 h 22 with 2 mM anchored oligo(dT 23 ) primer (Sigma-Aldrich) using Omniscript Reverse 23 Transcription Kit (QIAGEN). 24 25 PCR amplification, fragment isolation, and cloning 26 8 1 Different combinations of primers were designed to amplify Y-, K-or other conserved 2 segments from published dehydrin mRNAs of related legume species. The primer sequences 3 are given in Table 1 . PCR reactions (50 μL) contained 5 μL RT assay (performed with 400 ng 4 total RNA as template). Amplification was done with HotStart Taq polymerase (QIAGEN) 5
according to the manufacturer's protocol. The cycling conditions were 15 min at 95 °C, 35 6 cycles of amplification at 94 °C for 1 min, and extension at 72 °C for 1 min. CATGGTCATAGCTGTTTCC) was applied to distinguish the plasmids hosting the inserts 20 from the 'false positive' ones. The positive clones were sequenced using M13 forward and 21 reverse primers (Mycrosynth, Switzerland) and were BLASTed against the NCBI database. 22
The sequences exhibiting high homology (E values above E-10) with already published 23 dehydrins from other legumes were selected for the following RT-PCR analyses. 24
25
Rapid Amplification of cDNA Ends (3'-and 5'-RACE PCR) 9 1 Oligo(dT) anchored (for 3'-RACE) or reverse gene specific primers (for 5'-RACE) 2 were used for the reverse transcription (RT) of total RNA to obtain full length of cDNAs. 3
The following antisense primers were used in 3'-and 5'-RACE PCR reactions: 4
Oligo (dT) anchored primer: GGCCACGCGTCGACTAGTACT TTT TTT TTT TTT TTT TV  5 3'-RACE primer: GGC CAC GCG TCG ACT AGT AC 6
Oligo(dT) anchored primer was added to the RT reactions and 3'-RACE primer was 7 used in the first PCR. The cycling conditions were: initial denaturation at 95 °C for 15 min, 35 8 cycles of 94 °C for 1 min, amplification for 1 min at 60 °C and 72 °C for 1 min, final extension 9
for 10 min at 72 °C. Gene-specific forward primers 1 (for Y n SK n ), 7 (for Y n K n ) and 11 (for 10 K n S) were used for the second nested PCR (Table 1) . 11
First strand cDNA synthesis in 5'-RACE PCRs was performed with Omniscript 12
Reverse Transcription Kit (QIAGEN) but instead of oligo(dT) primer reverse gene-specific 13 primers "KS legume Reverse" (for K n S) and 3 (for Y 3 SK 2 ) were used (Table 1) . The resulting 14 cDNA was purified with QIAquick PCR purification kit (QIAGEN). Copy DNA 'tailing' 15 reactions were performed with terminal transferase (ThermoScientific) and 2 mM dATP 16 (ThermoScientific) according to the manual. The first PCR amplification of dA-tailed cDNAs 17 was done with oligo(dT) anchored primer (listed above) and reverse gene specific primers 12 18 (for K n S) and 4 (for Y 3 SK 2 , Table 1 ) using HotStart Taq polymerase (QIAGEN). Gene specific 19 primers 13 (for K n S) and 5 (for Y 3 SK 2 ), and the 3'-RACE primer (listed above) were used in 20 the following 5' nested PCR. The products from 3'-and 5'-RACE PCR were purified 21 (QIAquick Gel extraction kit, QIAGEN) and sequenced directly (Mycrosynth, Switzerland). 22
The resulting full length cDNAs were submitted to NCBI GenBank. (primers 1 and 5, Table 1 ); Ta= 62 °C for SK 2 (primers 9 and 10, Table 1 A partial CIG-like Y n K n dehydrin homologue (GenBank ID: KC756189) was amplified 6 with primers 6 and 8 (Table 1 ) on genomic DNA. BLAST, BLASTX, and phylogenetic 7 analyses of the identified genomic sequence confirmed that T. repens Y n K n had high identity 8
with other previously published dehydrins (Suppl. 1). CIG-like Y n K n is 46.7% similar to Galea 9 orientalis (GenBank ID: HM7770) and 44.2% to Vicia monata dehydrin a (GenBank 10 ID: AB506694.1, Suppl. 1). 11
Detailed examination of T. repens CIG-like Y n K n homologue (genomic DNA GenBank: 12 KC756189) identified one complete direct open reading frame ORF 1 (699-1325 b.p.) with 13 three nested alternative start codons (positions 876 b.p., 996 b.p. and 1146 b.p.), coding for 14 four K-segments ( Fig. 2A ). The fragmentary ORF 2 had multiple nested start codons ( Fig. 2A) . 15
Two other CIG-like partial genomic sequences differing fom KC756189 were identified (with 16 primers 7 and 8) and sequenced (genomic DNA GenBank: KC247806 and GenBank: 17 KC247807). The examination of KC247806 and KC247807 with VectorNTI revealed similar 18 features as in KC756189 -a compleat direct ORF with one nested alternative start coding for 3 19 K segments and a fragmentary one with multiple nested start codons (Suppl. 2A). Possible 20
NATs were predicted for the three CIG-like sequences ( Fig Another CIG-like Y n K n transcript (GenBank ID: KC247805) accumulating 8 predominantly in drought-stressed roots was isolated with primers 7 and 8 ( Table 1 ). The 9 sequence analysis showed that this transcript originated from KC247806 and codes for three K-10 segments (Suppl. 2B). RT-PCR revealed that KC247805 was scarcely represented in all control 11 samples but drought provoked its accumulation in the fully expanded leaves and in roots 12 The degenerate K n S primer pair (Table 1) transcripts had high homology with a published Trifolium repens cold acclimation specific 23 protein (cas15) mRNA containing modified K-motif and S-stretch at the C-end (GenBank ID: 24 JN398458.1 -91% identity, 6e-40). The K n S homologues showed also high similarity with 25 several Medicago sativa mRNAs coding for different cold related proteins (BudCAR3 mRNA 26 14 -GenBank ID: AF220101 -78% identity, 1e-13; CAR2 mRNA -GenBank ID: AF180373 -1 78% identity, 1e-13; CAS15B mRNA -GenBank ID: HQ388395.1 -67% identity, 1e-19; 2 BudCAR4 mRNA -GenBank ID: AF220456 -76% identity, 2e-13; BudCAR6 mRNA -3
GenBank ID: AF220458 -76% identity, 2e-13; CAR1 mRNA -GenBank ID: AF072932.1 -4 76% identity, 6e-13). The alignment of the translated white clover KS transcripts is presented 5 in Suppl. 5. Analysis of the nucleotide sequence showed that clover KS homologue contained two 17 fragmentary ORFs: ORF 2 (1>161) with undefined start codons and ORF 3 with 12 nested 18 alternative start codons (Fig. 3B) . The existence of a fragmentary antisense DNA sequence 19 (402>1), consisting 18 nested start codons, was predicted ( Fig. 3B ). 20
Semiquantitative RT-PCR with primers 11 and 13 (Table 1) The changing SK 2 transcript profile in the control samples varied according to 1 developmental age of the leaves (Suppl. 4C, Fig. 4 ). RT-PCR analysis showed that drought did 2 not influence significantly the expression of SK 2 transcript in the younger leaves (L3, L4, L5). 3 SK 2 relative expression marked significant increase in the older leaves and roots (DL1, DL2, 4 and DR) when the results were normalized to actin due to the observed developmental 5 fluctuations in the housekeeping gene in the different samples (Suppl. 4C, Fig. 4 ). Upon 6 recovery the levels of SK 2 transcripts decreased around or below the controls according to both 7 normalizing standards. The gene-specific Y 3 SK 2 primers (Y 3 SK 2 F and Y 3 SK 2 R, Table 1) The splice variant with a retained intron JF748411 (amplified with primers 1 and 5a, 1 Table 1 ), was represented in almost all tested samples (Suppl. 4D) but the highest levels were 2 detected in the drought-stressed fully expanded leaves (DL3). 3
The expression of KC247804 variant (primers 1 and 5, size of the expected band 199 4 b.p., Suppl. 4D) normalized to actin documented comparatively high Y 3 SK 2 levels in the fully 5 expanded leaves (DL2, DL3, DL4) and roots (DR) subjected to drought (Fig. 5C ). The 6 normalization to tubulin confirmed that significant KC247804 amounts presented only in the 7 third fully expanded leaf (DL3; Fig. 5C ). Transcript content decreased to the control levels 8 after 72 h of recovery. 9 10 Dehydrin immunoblot analyses 11
12
Immunodetection of dehydrins performed with three different antibodies against the 13 conserved K-, Y-, and S-segment allowed to outline the different dehydrin types present in the 14 tested samples. Seven distinct bands (within the range 18-60 kDa) were visualized with the K 15 Ab (Fig. 6) . These bands were accepted as a "true dehydrin" reference for the immunosignals 16 obtained with the Y-and S-antibodies. The youngest control leaves (CL0 and CL5; Fig. 6 ) had 17 a rich dehydrin profile with substantal quantity of immunodetected proteins. The strongest 18 detected signals in the controls, predominantly accumulating in the youngest and second 19 youngest leaves (CL0, CL4, CL5), were Y n S n K n -type dehydrins migrating at position around 20 50 kDa, (Fig. 6A) . 21
A weaker signal at position around 28 kDa was documented with the K-antibody in the 22 fully expanded leaves (Fig. 6A) . Drought stress increased the band intensity and the 23 immunosignal diminished considerably after recovery (Fig. 6A) . 24
The samples derived from drought-treated fully expanded leaves (DL2 and DL3) 1 revealed immunosignals with apparent MW between 18 and 22 kDa on the K-probed 2 membrane (Fig. 6A ). 3
The strongest and most consistent signal, cross-detected with the antibodies against K-4 and Y-segment was documented in drought stressed leaves and roots. The molecular weight of 5 these Y-and K-containing proteins varied between 37 and 48 kDa (Fig. 6A, 6B) . The YK 6 immunosignals disappeared in the samples of recovered plants (Fig. 6A, 6B) . IDPs could be involved in regulating signal transduction or gene expression (Tompa, 2002) . 2
Previously it has been suggested that some Y n SK n dehydrins may act as stress signaling 3 molecules holding the potential to interact with distinct cellular components through their diverse protein-protein interaction, and even opposing function (Tompa, 2012) . 24
The accumulation of the alternatively spliced non-coding transcript JF748411 in the 25 fully-expanded drought-stressed leaves may have certain regulatory role as suggested by Ner-26 Gaon et al. (2004) who have found that the functional distribution of the transcripts with 1 retained introns were skewed towards stress and external/internal stimuli-related functions. The 2 authors proposed that the retained introns could be a prominent feature of AS with a regulatory 3 function. 4
Some of the T. repens dehydrin sequences contain ORFs with nested start codons. A 5 phenomenon earlier identified as 'leaky scanning' is often a part of the complex regulation of 6 expression in genes with multiple start codons (de Mayolo et al., 2006) . This may actually be 7 the mechanism for the synthesis of polypeptides with different number of K motives coded by 8 the various mRNA variants originating from one single gene. The presence of many nested 9 potential translation start sites in the KS dehydrin ORFs also supports such a possibility. 10
It was found earlier that KS-type dehydrins were not enriched in promoter cis-elements similar 11 to the other dehydrins suggesting they may be regulated through pathways distinct from the rest 12 The endogenous sources of dsRNAs could be also microRNA-directed cleavage products 9 of noncoding transcripts, which are then converted into dsRNAs. Apart from the previously 10 isolated non-coding dehydrin Y 3 SK 2 transcript with retained intron (Vaseva et al., 2011) , a 11 CIG-like Y n K n long non-coding transcript from drought stressed leaves was also identified. 
